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Abstract

Parsimony analysis was used to develop phylogenetic hypotheses for Rosidae and other nonmagnoliid dicotyledons,

especially Asteridae. Rosidae were placed among "lower" Hamamelidae as the sister group oi Platanus and Hamameli-

daceae, "Higher" Hamamelidae (Fagales, Juglandales, and Casuarinaceae), Dilleniidae, and Asteridae nest within a

paraphyletic Rosidae. With some expansion, the traditional Asteridae are monophyletic. For example, the problematic

Columellia was placed among Asteridae as the sister group of Caprifoliaceae. Asteridae were placed as the sister

group of Ericales among rosids circumscribed as Corniflorae in recent classifications of Dahlgren, Special attention

was given to problematic groups that have been allied variously with Asteridae, Dilleniidae, and Rosidae. For example,

Actinidiaceae and Fouquieriaceae were placed among Ericales, Loasaceae and Sarraceniaceae formed the sister group

Dilleniidae

Ochnaceae

taxon of Linales. Dilleniaceae and Theaceae form a monophyletic group with Paracryphia placed as the sister group

of Rhizophoraceae and Anisophylleaceae,

hama-Rosidae are central to understanding phyloge- particularly among the so-called 'iower

netic patterns among nonmagnoliid dicotyledons. melids, such as Hamamehdaceae and Platanaceae

rcumscribed
, , , ,

(Hufford & Crane, 1989). Certain so-cafled ''high-

and Cronquist (1981, 1988), Rosidae may be para- er" hamamelids, such as Fagales and Juglandales,

phyletic with respect to Asteridae, Dilleniidae, and have been suggested to be more closely related o

some Hamamelidae, To understand better the evo- Rosidae than to "lower" Hamamelidae (Wolte,

lution and diversification of nonmagnoliid dicoty- 1973, 1989, Hickey & Wolfe, 1975; Rickey &

ledons, more precise and viable hypotheses of re- Doyle, 1977; Thorne, 1976; Nixon, 1989).

lationships among these major groups are necessry.

Rosidae have been considered "more advanced"

be

com
Our understanding of rosid phylogeny may i^

plicated by the systematic treatment of ^^^^^'

than Magnoliidae and "less advanced" than As- dae. Takhtajan (1980, 1987) and Cronquist (1981)

teridae (Cronquist, 1 98 1 ). Cunoniaceae, Rosaceae, presented Dilleniidae as a monophyletic group roo •

and other members of the broadly circumscribed ed among Magnoliidae. Character analyses ot pu

Rosales of Cronquist ( 1 98 1 ; or Rosanae of Takh- tatively primitive Dilleniidae and Rosidae have called

tajan, 1987) have been considered primitive Rosi- attention to the similarities shared by these «

beca groups (e.g., Bate-Smith, 1973; Walker & Doyle.

chemical attributes are similar to those of many 1975; Cronquist, 1981; Wolfe, 1989), and un-

Hamamelidae. Hamamelidae (sensu Takhtajan, certainty often surrounds the placement of par '

1980, 1987; Cronquist, 1981), however, may be ular taxa in one or the other. These character

polyphyletic (Crane & Blackmore, 1 989). Rosidae similarities and the uncertain placement of ta«a

be highlight the possibility of Rosidae and Dillenu<la^

helpful suggestions.
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composing part of a more inclusive monophyletic relationship for problematic groups suggested to

group that is nested among Hamamelidae (cf. Ehr- have a range of alliances. Large-scale cladistic anal-

endorfer, 1989). yses of higher-level taxa provide more precise hy-

A monophyletic Rosidae may include taxa cir- potheses about relationships than current classifi-

cumscribed as Asteridae (sensu Cronquist, 1981). cations and, thus, critically set the stage for

Recent discussions of the origin of Asteridae have subsequent, smaller-scale studies by narrowing the

focused on alternative placements among Rosidae, set of ingroup and outgroup taxa that must be

but no consensus has emerged about their rosid considered. This preliminary, exploratory investi-

sister group. Cronquist (1988: 414; see also 1981) gation of Rosidae and allied groups focuses on: (1)

suggested that the origin of Asteridae 'Very prob- testing hypotheses of monophyly for Asteridae and

ably lies in the order Rosales." The similarly cir- providing hypotheses about potential sister groups

cumscribed Asteridae in Takhtajan (1980) were of asterids; (2) testing the placement of the prob-

illustrated to be the sister group of a branch in- lematic Ericales, Actinidiaceae, Fouquieriaceae,

eluding Cornales and Araliales; these groups to- Loasaceae, and Sarraceniaceae that have been al-

gether were shown to originate among Saxifragales. lied with Dilleniidae, Rosidae, and Asteridae; and

The placement of Asteridae also depends upon their (3) developing hypotheses about relationships among

monophyly, which has been questioned repeatedly rosid groups, giving special consideration to the

(Dahlgren, 1927; Wunderlich, 1959; Philipson, placement of Dilleniidae and Hamamelidae.

1974, 1975, 1977; Dahlgren, 1975, 1977). Jen-

Materials and Methods

TAXA

sen et al. (1975) allied the iridoid-containing as-

terids with Cornales and Ericales and the noniri-

doid- containing asterids with Araliales and Rutales.

Hickey & Wolfe (1975) used leaf architectural

data to suggest that some asterid taxa were most accepted (e.g., in Takhtajan, 1969, 1980, 1987;

similar to Dilleniidae and others to Rosidae. Takh- Cronquist, 1981, 1988) members of the Hama-

:*qterids in three erouDS, melidae, Dilleniidae, Asteridae, and Rosidae as well

comm

circumscribed

Dipsacales, Lamiidae, and Asteridae sens, str., which

he envisioned to have separate origins in or near

Comanae.

lumerous problematic taxa may have important

understanding

numerous

W

N

be

be

most other orders of Cronquist's (1981) Rosidae.

Tlie orders Haloragales, Podoste

be

be

served as the outgroup for polarizing character

states and rooting cladograms.

Families of Cronquist's (1981) Resales are rep-

of nonmagnoliid dicotyledons. The systematic resented by one or more taxa because this order

placement of Ericales, Actinidiaceae, Fouquieri-

aceae, Loasaceae, and Sarraceniaceae has been

questioned repeatedly. They share iridoid com-

pounds and embryological characteristics with some

Asteridae and Rosidae, but Cronquist ( 1 98 1 , 1 988)
has placed them all in Dilleniidae. Similarly, Takh-

tajan (1987) placed all of these taxa, except Loasa-

ceae, among Dilleniidae. In contrast, Dahlgren

(1977, 1980, 1983) circumscribed all of these

taxa, except Loasaceae, in his superorder Cornl-

norae. He placed Loasaceae in a monotypic su-

pcrorder allied with Comiflorae. If Dahlgren's Cor-

»™orae and associated groups, such as Loasaceae,

are the rosid groups most closely related to asterids,

men the traditional placement of these problematic

taxa among
^'^rstanding

»*

Dilleniidae mav have limited our un

an
potentially related groups may begin to resolve 1

problems outlined above. Large-scale studies

"JgW taxa are important because they include 1

Mosaic distribution of character states at this le

^'^ provide accurate tests of prior hypotheses

nested within one of the other included groups; (2)

have exceptionally derived traits that are not crit-

ical for understanding babal Rosidae and Asteridae

or other problems outlined above; and (3) have not

been implicated in the relationship of Rosidae to

Hamamelidae, Dilleniidae, or Asteridae.

Hamamelidae in the study include the "lower

hamamelids (except Eucommia) investigated by

Hufford & Crane (1989); a set of "higher" hama-

melids, such as Fagales and Juglandales, suggested

recently to be more closely related to Rosidae than

to "lower" hamamelids (Wolfe, 1973, 1989; Hick-

ey & Wolfe, 1975; Hickey & Doyle, 1977; Tliome,

1976; Nixon, 1989); and the problematic Buxa-

arinaceae

because

subclaM

M
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Table 1. Taxa used in the phylogenetic analysis.

When particular taxa served as a basis for coding higher

level groups they are indicated in parentheses.

Table 1. Continued

Actinidiaceae {Actinidia Lindley)

Alangiaceae {Alangium sect. Conostigma Bloemb.)

Alseuosmiaceae {Aheuosmia Cunn.)

Anisophylleaceae [Anisophyllea R. Br. ex Sabine)

Anodopet alum A. Cunn. ex Endl.

Apiaceae

Araliaceae

Asteraceae

Bauera Banks ex Andrews

Betulaceae (Betula L.)

Brunellia Ruiz & Pavon

runiaceae

Leschen

Linales (Linarrae)

Loasacrae (Mrntzctia L.)

Loganiaccae

Myricaceae {Mjrica L.)

MYrothamnus Welw.

Myrtales (Lythraceae)

Nepenthaceae

Nyssaceae {Nvssa L.)

Ochnaceae

Pacoma L.

Parnrryphia Baker

P*'nthorum L

Buxaceae {Buxus L. and Pachysandra Siebold & Zucc.) Saxifraeaceae
Campanulaceae

Caprifoliaceae

Casuarinaceae

Celastrales (Celastraceae)

Cercidiphyllum Siebold & Zucc.

Clethraceae {Clethra L.)

ColumelUa Ruiz & Pavon

Connaraceae (Cnestis Juss.)

Cornaceae

Crassulaceae

Crossosomataceae {Crossosoma Nutt.)

Deutzia Thunb.

Davidsonia F. Muell.

Dilleniaceae (Dillenia L.)

Ericaceae

Escalloniaceae (Escallonia Mutis ex L.)

Eucryphia Cav.

Eupliurbiales (Euphorbiaceae)

Euptelea Siebold & Zucc.

Fabaceae (Miniosoideae)

Fagaceae {Fagus L.)

Fouquieriaceae

Garryaceae

Geraniales (Oxalidaceae)

Hamanielidaceae subfamily Altirigioideae

Hamamelidaceae subfamily Di^>anthoideae

Hamanielidaceae subfamily Exbucklandoideae

Hamamelidaceae subfamily Ilamainelidoideae

Hamamelidaceae subfamily Rho<loleioideae

Hydrangea L.

Philadelphus L,

Pittosporaceae

Plata nus L.

Polemoniaceae (tropical genera emphasized in coding de-

cisions)

Polygalales (Malphighiaceae)

Proteales (Proteaceae)

Rhanmales (Rhamnaceae)

Rhizophoraceae {Crossostylis Forster & Forster)

Rhoiptelea Diels & Hand.-Mazz.

Rosaceae (tribes Quillajeae and Spiraeeae)

Rubiaceae

Sapindaceae

Sarraceniaceae (Heliamphora Benth.)

Scrophulariaceae

Solanaceae

Spiraeanthemum A. Gray

Staphyleaceae

Tetracarpaea Hook.

Tetracentron Oliver

Theaceae

Trochodendron Siebold & Zucc

Viburnum L,

Winteraceae

not be represented adequately by a few place-

holder taxa. Selecting putatively primitive Dille-

an a

because prior

phylogenetic hypotheses for the subclass may have

been influenced heavUy by suggestions that it ong-

inated among Magnoliidae rather than among

HamameUdaeor Rosidae. Dilleniaceae, Theaceae,

Ochnaceae, and Paeonia are included to represent

putatively basal dilleniid groups.

In order to test hypotheses of monophyly

systematic placement for Asteridae, nine "^^P""^"

tatives of its major orders (sensu Takhtajan, 196 ,

1980, l987;Cronquist, 1981, 1988) are included-

The representatives include divergent groups iden-

tified in treatments by Takhtajan (1987), Dahlgr^"

(1980, 1983), Dahlgren et al. (1981), and Thoriie

(1976, 1981, 1983) in which asterids are no

monophyletic

.

I accept provisionally the monophyly of cert*""

families discussed by Cronquist

included

potential paraphyly; it nigher rosiu families

orders actually nested within it also are inclu

as terminal taxa, then misleading results may

The higher rosid orders, Celabtrales,
('«•'»'

Linales, Myrtales, Polygalales, P'^<**^'^^^

nnale?, may be nested within other ter rnii^

in the analysis. Prior phylogenetic hypotb**
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for these groups are not sufficiently precise to de- PAUP to explore character state evolution and

termine alternative topologies.

Hence, I opt to include various higher rosid families

and orders to examine the composition of major

clades. This analysis may serve subsequently as

the basis for more detailed analyses of major rosid

clades.

Results and Discussion

trees

Characters and State Coding

Structural and chemical data (Table 2) were

obtained largely from the literature (sources in

Appendix 1), Few characters with over 10% miss-

bg data are included, and these are attributes (e.g.,

stomatal pattern) emphasized in prior systematic

discussions of the taxa. Bruniaceae, Columellia^

Pararryphia, Rhoiptelea, and Tetracarpaea, taxa

that have proven difficult to place in traditional

syblcmatic treatments, are included, despite rela-

tively extensive missing data, to provide provisional

hypotheses about sister groups. Characters are cod-

^ as missing (unknown) when no single state or

pair of states could be reasonably hypothesized to

be plesiomorphic for a particular taxon. Wood
characters for Saxifragaceae and Crassulaceae are

Coded as missing because these groups are hy-

pothesized to be primitively herbaceous, and, thus,

^ood characters are not applicable. Numerous taxa

are coded as polymorphic for certain characters

primarily because of variability in the genera and

higher-level groups in the analysis. Multistate char-

acters compose 47% of the total.

Data Analysis

sistency index = 0.18) with 682 character state

changes were idrntifiod. The strict roiiscnsus trcr

(Fig. 1) shows that variation among tlie S6 equally

most parsimonious irccs is restrittcd to four regions:

(1) among subfamilies of Hamanu lidacrae; (2)

among Hydrangea, Dculzui, and Philadt'lphus^

representative genera of ITj-drangeacea*'; {'A) among

Fabaceae, Rhatiuiaceae, and Sapiiidaccae; and (4)

among Rlioiptelea, Bmilaceaet and ihc Casnari-

naceae-Juglajidaceac-Myricaccac rlade. One of

the 56 equally most parsimonious tree& (Fig. 2) is

used to discuss character state evolution.

The Hamamclidae of Takhtajan (1980, 1987)

and Cronquist (1981, 1988) are shown to he po!y-

phyletic (Fig. 2). "Lower" Ilamarnclidae (sensu

Endress, 1986, 1989a; IIufTord & Crane, 1989)

are a paraphylctic assemblage at thr base of Rosi-

dae, and **higher" Ilaniamelidae (i.e., Fagales, Ju-

glandales, and Casuarinaceae) are nesi»d among

Rosidae. Patterns of rclatioui^hip among ''lower"

shown by HufTord & Crane

(1989). Buxaceae, a family sometimes plac

Rosidae (Scholr, 1964; Cronquist, 1981, 1988),

form the sister taxon of CercidiphyUum anri My-

rothamnus, with which they share a dccu-sate leaf

arrangement, unisexual flowers, and pollen with a

papillate secondary lectal sculpturing, Drinnan et

tia>

agner

pars

Cretaceous foshil Spannmem with Rux ant ]

ford, 1989). Multistate characters were treated as phylellc gronp that inrU]^ those Uxa and Cer-

unordered

POi^iLle for slate evolution. Different taxon addition

idiphylluiu.

H ««

anmm< ac

aeq

( Swofford, Ui>ed

cated slomia, and pollen

"Wliate trees for branch-swapping procedures, al-

though the most parsimonious trees were consis-

tently found using simple sequences. To minimize though all ih

computer run times, heuristic search procedures among llama]

as the bitter group of Vlatfinun .iiul IlamauM'li

darrae- Derived f* ilurris bliared by rosids inrludi

flowers with a di^r nectary, anlherb with iiribirur-

occur AS parallelibmb

includ

*rere using a sequential regime
l>ed MAitendac

»*Nipping options, beginning with nearesl-neighlx^r

interchanges, followed by subtree pruning-regraft-

^ and concluded with tree hisertion-reconnection

<Swofford, 1989), All of the trees saved from a

pnor swapping procedure were used to initiate a

•^**^*«<iuent swapping procedure. A consensu*! tree

recent treatment** by Takhtajan (1980. 1987) and

Cronquist (1981, 1988).

ftea plared among dillcniids

Thome

formed u&ing the strict option in PAUP(Swof-

f^rd, 1989). MacClade (version 2.97c + ,
Maddi^un

* Maddisoa, 1989) was used in ronjunction ^ith

Dahlgren, 1983), is a b. j1 branch of Ho^idae in

my result? (Fig. 2). In recent rla««ifi. .*tions,Thorue

(1983) and Takhtajan ( 1 987) tmn ff-rred Pn. .mia

from a p^ition naax Dillcniar* a** to oni» nmt Ctau-

cJdiaccae (n**.ir Berberidalei and NelurnlMin«le»),



Table 2. Character state assignments for taxa used in the phylogenetic analysis. Question marks indicate missing data. Characters and character states are listed

in Appendix L

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Winteraceae 0/2 ( D ? 9
•

9 9
9

9
9

Trochodendron 2 1 ( ) ? 9
•

9
•

9
9

9
9 0/1

Tetracentron 1 1 1 ? •
9
9

9
*

9
9 1

Euptelea 1 2 1 ] I 1 1 1 1

Cere id ip hyllu m 1 1 1 I 1 1 2

Myrothamnus 1 1 1 ] I 2 2 1 1 6

Plat anus 2 1 1 9
9 ] 4 1 1 2 1 7

Hamamelidoideae 1 2 9
] [ 1 0/1

Disanthoideae 1 ] [ 1 1 0/1

Exbucklandoideae 1 9
ft ] [ 1 3

Rhodoleioideae 1 2 9
1 1 0/1

Altingioideae 1 1 9
m 1 1 0/1

Juglandaceae 1 2 1 1 1 2 4 1 2 1 1/2

Myricaceae 0/1 1 1 1 1 1 2 1 1 1/2

Fagaceae 1 1 1 9 1/2 1 3 ?
9 4 1 7

Casuarinaceae 1 2 ?
V

? 2 1 2 2 1 2 1 2 1 7

Buxaceae 1 1 3 1 2 2 1 1 1

Rhoipteleaceae 1 1 2 1 1 1 1 4 1 2 1

Bauera ?
* 1 ?

9
?
ft 1 2 2 2 1 2 1 2

Anodopetalum 1 2 1 2 1 2 1 2 1 1

Spiraeanthemum 1 2 1 1 1 2 0/1 1

Brunellia 1 1 1 1 1 0/1 1 I 2 9
9 0/3

Eucryphia 0/1 I 1 2 1 1 I 1 1 2 1 1/7
Davidsonia 1 1 1 2 1 9 1 1 1 1 2 7
Connaraceae 1 9

• 1 2 1 1 4 1 4 1 6
Tetracarpaea 1 1 1 1 2 1 1 2 2
Pittosporaceae 2 2 1 2 1/2 9

• 2 3 I 1

Nepenthaceae 1 9
• 1 2 2 2 4 2 4

Sarraceniaceae ?
• 1 9

>
9
• 1 2 1 1 4

Crossosomataceae ? 1 2 2 4 1 4
Sapiiidaceae 1 2 1 [ 2 2 1 4 2 4 1 7
Fabaceae 1 1 2 ]L 2 2 2 4 1 4 1 4/6 1

Bruniaceae ? ?
• •

9
] L 1 1 1 1/4

A\?=.e\\osTT\iaceae 0/2 1 1 3 1 4 1 ?

Koaaceae 2 1 2 1 4 1 1 5

to

S>

o

O
0) CD

o

D

CD



Tahle 2. Continued.

Anfsophylleaceae

Rhizophoraceae

Saxifragaceae

Crassulaceae

Penthorum

ColumelUa

Hydrangea

Deutzia

Philadelphus

Escalloniaceae

Alangiaceae

Nyssaceae

Cornaceae

Garryaceae

Loasaceae

Ericaceae

Fouquieriaceae

Actinidiaceae

Clethraceae

Slaphyleaceae

Geraniales

Celastral

Euphorbiales

Rhamnales

Linales

Polygalales

Proteales

Myrtales

Betulaceae

Apiaceae

Araliaceae

Dill

P
emaceae

aeoma

Loganiaceae

Solanaceae

1

0/1

1

1

1

1

1

I

1

1

2

2

1

1

2

1

1

1

1

1

1

1

0/1 0/1

0/1

0/1

0/1

1

1

1

3

1

1

O'l

1

1

1

4 5 6 7 8 9

1

1

1

1

0/1

1

1

1

1

1

1

2

2

1

?

2

2

2

2

2

0/2

0/2

3

3

3

3

2

1

2

3

2

2

9

2

1

2

?

?

2

?

2

2

2

1/2

2

2

2

2

2

9

9

10 11 12 13 14 15 16 17 18

1

1

*

?
9

4

6

0/1

4

4

1

4

0/1

0/6

?
m

?

0/1

4
?

7

2

1/2

0/1

1/2

1/5

4/5

19

V

1

1

?

20

9

?

1

1

1

<D

CD

3

fO

"D X

o
CO
CD

o
a

CP

>
0>

CO

O
3J
o
Q.

CD

CO



Table 2. Continued.

1

Rubiaceae

Campanulaceae

rnumVibu

Caprifoliaceae

Polemoniaceae

Asteraceae

Scrophulariaceae

Theaceae

naceaeOch

Paracryphia

1

1

?
*

1

1

1

Table 2. Continued.

21

Winteraceae

Trochodendron

Tetracentron

Euptelea

Cercidiphyllum

Myrothamnus

Plata nus

Hamamelidoideae

Disanthoideae

Exbucklandoideae

Rhodoleioideae

AUingioideae

Juglandaceae

Myricaceae

Fagaceae

2

2

1

1

1

2

1

1

1

0/1

0/1

2

22

9

1

1

I

1

3

23

2

?

?

2

1

1

1

1

3

2
9

3

4

24

?

5

1

1

1

1

I

1

I

25

9

6

26

7

9

2

2

2

27

1

1

9

2

3

9

2

8

2

9

0/2

28

1

1

1

1

1

2/4

2

1/2
1/2
1/4
1/2

9

29

10

30

1

1

1

11

31

12 13 14

32 33 34

2

5

2/3

4

4

4

4

4

4
4
3

2

2

2

1

2

2

3

3

3

1

1

15

35

1

1

9
«

I

2

2

2

2

2

2

2
2

16

1

4

2

4

3

1

2

2

36

2

2

17

0/1

?

0/1

0/1

2

1

1

1

37

1

18

4

5

4

1

1/2

0/4

38

2

2

19

39

1

2

2

1

1

4
4
3

20

1

40

1

1

1

4^

2>

o

o
0)

0)

O
03



Table 2, Continued.

Casuannaceae

Buxaceae

Rhoipteleaceae

Bauera

Anodopetahim

Spiraeanthemum

Brunellia

Eucryphia

Davidsonia

Connaraceae

Tetracarpaea

Pitlosporaceae

Nepenthaceae

Sarraceniaceae

Crossosomataceae

Sapindaceae

Fabaceae

Bruniaceae

Alseuosmiaceae

Rosaceae

Anisophylleaceae

Rhizoplioraceae

Saxifragaceae

Crass ulaceae

Peiuhorum

Columellia

Hydrangea

Dcutzia

Philadrtphits

Fscalloniaceae

Alangiaceae

Nyssaceae

Cornaceae

Garryaceae

L^asaceae

Ericaceae

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

3

3

2

I

*

3

3

1

3

1

2

2

2/3

1

0/1

2
9
ft

1

2

2

2

2

40

go
CD

c
3

ro

T)

eg
CD

O
a.

CD

O
>
03

CA

o

33
O
en
Q.'

o>
CD

ro

C7I



Table 2. Continued,

Fouquieriaceae

Actinidiaceae

Clethraceae

Staphyleaceae

Geraniales

Celastrales

Euphorbiales

Rhamnales

Linales

Polygalales

Proteales

Myrtales

Betulaceae

Apiaceae

Araliaceae

Dilleniaceae

Paeonia

Loganiaceae

Solanaceae

Rubiaceae

Campanulaceae

Viburnum

Caprifoliaceae

Poleinoniaceae

Asteraceae

Scrophulariaceae

Theaceae

Ochnaceae

Paracryphia

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

TO

S >

O
CD
O
D)

(D

O

a
CD
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Table 2. Continued.

41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60

Winteraceae

Trochodendron

Tctracentron

Euptclca

Cercidiphyllum

Myrothamnus

Plalanus

Hamamelidoideae

Disanthoideae

Exbucklandoideae

Rhodoleioideae

Altingioideae

Juglandaceae

Myricaceae

Fagaceae

Casuarinaceae

Buxaceae

Rhoipteleaceae

Baucrn

Anodopetahim

Spirncnnthrmum

Bruncllia

Eucryphta

Davidsonia

Connaraceae

Tetracarpaea

Pittusporaceae

Nepenthaceae
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Sapindaceae
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Table 2. Continued.

Rhizophoraceae

Saxifragaceae

Crassulaceae

Penlhorum

Columellia

Hydrangea

Deutzia

Philadelphus

Escalloniaceae

Alanglaceae

Nyssaceae

Cornaceae

Garryaceae

Loasaceae

Ericaceae

Fouquieriaceae

Actinidiaceae

Clethraceae

Staphyleaceae

Geraniales

Celastrales

Euphorbiales

Rhamnales

Linales

Polygalales

Proteales

Myrtales

Betulaceae

Apiaceae

Araliaceae

Dilleniaceae

Paeonia

Logamaceae

Solanaceae

Rubiaceae

Campanu\ace ae

41

1

1

1

1

1

I

1

42

1

1

1

1

1

1

1

1

1
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Ranunculaceae

im

sition among magnoliids. This cladistic analysis is

not sufficiently inclusive to evaluate the placement

of Paeonia among groups such as Ranunculaceae,

Berberidales, and Nelumbonales. Extensive atten-

tion has been given to the distinctive coenocytic

pjoembryo oi Paeonia (Cave et al., 1961; Murgai,

1959; Yakovlev & YoflFe, 1957), but this auta-

pomorphy currently has no bearing on our under-

standing of its sister group relationship. The nec-

tarial disc surrounding the base of the apocarpous

gynoecium of Paeonia (Hiepko, 1965, 1966) is a

derived feature shared by the rosid group (including

dilleniids and asterids) but not by Magnoliidae (in-

cluding Ranunculaceae, Berberidales, and Nelum-

bonales). Corner (1946) was among the first to

suggest that Paeonia was more closely related to

Dilleniaceae than to Ranunculaceae or other Mag-

noliidae. Corner (and more recently others), how-

ever, emphasized attributes such as centrifugal an-

droecial development, arillate seeds with a hard

testa, and exstipulate leaves, which are present

among rosids as well as Dilleniales and Theales

(sensu Cronquist, 1981).

The sister group of Paeonia comprises two groups

(Fig. 2): (1) Crossosomataceae and their sister group

(treated as the ''core rosid group") and (2) Bru-

niaceae and their sister group (treated as the "Cor-

niflorae-asterid group").

THE COREROSID GROUP

Crossosomataceae, placed as the sister taxon of

the rest of the core rosid group, have been allied

with Paeonia^ Ranunculaceae, Dilleniaceae, Ro-

saceae, and Fabaceae. Kapil & Vani (1963) treated

Crossosoma as more closely related to Dilleniaceae

and Rosaceae than to Paeonia and Ranunculaceae.

Richardson (1970) and DeBuhr (1978) used leaf

and wood structure to ally Crossosomataceae more

closely with Rosaceae than Dilleniaceae. SimUarity

indices based on chemical attributes showed Cros-

sosomataceae to be equally similar to Paeonia^

Dilleniaceae, and rosids (Tatsuno & Scogin, 1978),

Crossosomataceae appear to have diverged little

from the basic character states of the core rosid

group, although its stipitate carpels and polyste-

mony are parallelisms with those of other rosids.

The Rosaceae-Crassulaceae-Saxifragaceae

clade is supported by striate pollen and five-car-

pellate gynoecia (although the carpel number for

both Crassulaceae and Saxifragaceae was coded as

polymorphic). Missing data may have influenced
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Figure 1. A strict consensus tree based on the set of 56 equally most
ribw

by Cronquist (1981) as Asteridae. Dilleniidae, and Hamamelidae are indicated
Hamamelidae.)

parsimonious trees, uruuj^a vw--

^^A /v^,.. A Act^^rirl^P! D. Dillemidae

the placement of the Crassulaceae-Saxifragaceae This is supported by chloroplast DNAdata (Do^vnic

group (including Penthorum). Crassulaceae and & Palmer, 1992; Ohnstead et a!., 1992). Saxil^

mitively herba- gaceae sens. sir. lack the iridoid chemislr)

, 1989), and aU some embryological states that help to ^^^^^^^

lapplicable (i.e., Corniflorae-asterid group. The Crassulaceae- /
missing) for these taxa. Engler (1930) broadly cir- ifragaceae group demonstrates evolution of abuut

ie the so-called cellular endosperm and the formation of endospe

"woody saxifrages," groups such as Escalloniaceae hausloria parallel with members of the Corniflora*^

eaceae. My results show that "woody" asterid group. This may help to explain it? P^^^'%

5 considered

Koek-Nooni

sre coded as

ibed

saxifrages are more clnsclv related

bers of the <

mem- alliance with groups such as Escalloniaceae

Hvdrangeaceae. Penthorum has Leon treated

ifragaceae sens. str. (the "herbaceous" saxifrages). intermediate bet^vccn Saxifragaceac and Cra^^^^
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laceae (e.g., Agababian, 1961; Huber, 1963; Hi- sister group of the Cornales adds seven character

deux & Ferguson, 1976; Grund & Jensen, 1981; state changes. Bate-Smith et al (1975) and Lee

Haskins & Hayden, 1987; Spongberg, 1972), al- & Fairbrothers (1978) suggested, however, that

though my resuhs are consistent with suggestions Araliales are only "remotely" related to Cornales.

(Dahlgren, 1930; Jay, 1970; Wakabayashi, 1970) Restriction site mapping of the cpDNA inverted

that it is more closely related to the former repeat (Downie & Palmer, 1992) and rbcL se-

Some "higher" rosid orders and Dilleniidae are quence data (Olmstead et al., 1992) support the

placed in the core rosid group between Cunoniaceae placement of Araliales among Asteridae.

and Rosaceae, taxa hypothesized to be among the Recent investigations of Rhizophoraroar have

most primitive Rosidae (Dickison, 1989a). This segregated Anisophyllca R. Br. ex Sabine, Coiu-

result might be expected, given that "higher" ro- bretocarpus Hook, f., Poga Pierre, and Poly go-

Anissids often are suggested to "originate" among Ro-

sales (e.g., Cronquist, 1981), Two caveats are leaceae (Cronquist, 1981 ; Behnke, 1988; Juucosa

needed with regard to the placement of "higher" & Tomlinson, 1988a, b; Tobe & Raven, 1987,

ood

i(

rosid orders. First, the "higher" rosid orders ac- 1988a, b), although

tually may nest within one of the represented ter- omy) and Vezey et al. (1988, using pollen struc-

minal taxa. For example, Rosaceae may be a para- ture) identified three divergent groups in Rhizopho-

phylelic group with other recognized "families" or raceae sens. lat. Tobe & Raven (1988a)
orders" nesting within it. Including paraphyletic hypothesized monophyly for Rhizophoraceae sens,

terminal taxa in addition to monophyletic segre* str, on the basis of subdermally initiat<Ml laticifers

gates may have caused misleading results. It is in the gynoecial walls and colleters. Rhizophora-

particularly important that the monophyly of pu- ceae sens. str. have

tatively primitive rosids such as Rosaceae and Cu- and Elaeocarpaceae

noniaceae (see Hufford & Dickison, in press) be Tobe & Raven, 1988b) and Anisophylleaceae with

niore rigorously assessed. Second, additional core Myrtales (Tobe & Raven, 1988a). Anisophylle-

rosid taxa, especially those sharing derived char- aceae, however, lack intraxylary phloem and ves-

aclers with "higher" rosid orders, should be in- tured pits, which are derived features of Myrtales.

eluded to assess more reasonably the sister group Many characters (including crassinuccllate ovules,

micropyles formed by both integuments, nuclear

been

uncosa

losperm and

relationships of higher rosids.

Ine Euphorbiales are included to determine their

placement when considered to be part of the rosid

group. Euphorbiales have been allied with Celas- Raven (1988a) to ally Anisophylleaceae with Myr-

Tobe

trales (Cronquist, 1981) and Geraniales (reviewed
by Webster, 1987) among Rosidae, although they

be

placed

The r ncwles,

ovules

ibers

3fe perhaps most often placed among Dilleniidae phylleaceae in Corniflorae (largely equivalent to

iiear Malvales (Dahlgren, 1983; Dahlgren et al., the non-Asteridae portion of the Corniflorae as-

1981; Takhtajan, 1980, 1987; Thorne, 1981,
1983). My results place Euphorbiales as the sister

group of Araliales (the Araliaceae-Apiaceae clade),

^ relationship supported by the presence of poly- Corniflorae-asterid group; however, it is more par-

•cetylenes. If Euphorbiales are actually more close- simnnioas to place the family as the sisirr group

y related to higher dilleniids, then their inclusion

^ Ihe analysis may have influenced the placement
^f Araliales, For example, Dahlgren et al. (1981)

roftkl

lay be

hypothesize monophyly for Aniso,

*U*ed Araliales with Pittosporaceae, and they are leaceae and Rhizophoraceae sens. «tr.

<>ften suggested (e.g., Huber, 1963) to be related loraceae w%

*o Cornales. Altering the cladogram topology to as the ^iMer taxa of Paracryphia, Dlllcniaceae,

p*^ce Pittosporaceae as the sister group of Araliales
tti th core rosid group adds only one character
•^•tc change to the total number required for the

**** parsimonious trees. Changing the topology to

Theaceae, although this relationship

)y a reversal to long imperforate cle-

od. TTie bitegmir, tcnulnuccilate ovules

Cronquist, 1981 ), mch as Thca-

P*«ce a Pittosporaceae-Araliales clade in various ceae, Scylopetalaceac, Medunagynaccac

P^lion^ b the Comiflorae-asteriil group adds five ..Iaceae» parallel thoae of hon.* Rhiwphor;w .ac m:i»s.

* more character state changes. For example, str. (e.g., Gynotruchrs Blume and Prllnmlyx

V^^^'^ng the Pittosporaceae- Araliales cbde as the Korth; Juncosa & ToU-, 1QB8), and the unii-^gmir.
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crassinucellate ovules of other Theales, such as and Theaceae on the basis of wood with long vessel

Paracryphia, Oncothecaceae, and some Gary- elements and heterogeneous type I rays. Ochna-

ocaraceae, parallel those of some Anisophylleaceae ceae appear to be more closely related to Linales

{e.g., Anisophyllea and Combretocarpus; Tohe & than to these dilleniids (Fig. 1). Experimentally

Raven, 1987). placing Ochnaceae as the sister group of the Para-

DUleniaceae, Theaceae, and Ochnaceae are in- cypAta-Dilleniaceae-Theaceae clade adds five

eluded as place-holders to represent Dilleniidae character state changes. My results do not support

(sensu Takhtajan, 1980, 1987; Cronquist, 1981, the placement of Actinidiaceae, Fouquieriaceae,

1988). The Dilleniaceae-Theaceae clade is sup- Loasaceae, Sarraceniaceae, and Ericales in Dillenii-

ported by basally connate ovaries and centrifugal dae as they are treated by Takhtajan ( 1 980, 1987)

polystemony (a parallelism with Paeonia). Para- and Cronquist (1981). The chemical, ovular, and

cryphia is placed as the sister taxon of Dilleniaceae endosperm attributes of these problematic taxa sup-

FlGURE 2. One of the set of equally most parsimonious cladograms requiring 689 character state changes.

Clades B (core rosid group) and C (Corniflorae-asterid group) are sister groups positioned at the indicated points on

clade A. The character state changes for each branch of A, B, and C are indicated below as follows: clade letter and

branch number: character number-apomorphic state.

Ah 6-1; 18-1; 23-2; 28-1; 31-1; 53-1; A2: 8-1; 27-1; 33-2; 35-1; 56-1; A3: 1-2; 23-0; 28-0; 48-1; A4: 5-1

9-1; 32-2; A5: 10-1; 17-1; 51-1; A6: 1-1; 56-3; 57-1; A7: 6-2; 7-1; 15-0; 34-1; 36-2; 39-1; 48-1; 60-2; A8: 2-1

12-2; 14-2; 21-1; 32-2; 35-1; A9: 6-0; 8-3; 27-1; 30-1; 31-0; 33-1; 35-2; 38-1; 39-3; 53-2; 55-1; 60-1; AlO
1-0; 5-1; 18-2; 21-2; 49-1; All: 7-1; 18-6; 44-1; 56-2; A12: 9-1; 12-0; 14-1; 17-0; 28-0; 32-5; 34-1; 36-2; 45

1; A13: 22-1; 23-1; 44-1; 53-2; 54-1; A14: 5-0; 17-0; 21-1; 39-2; 45-1; 48-1; A15: 1-2; 7-1; 13-1; 14-2; 18-7

22-0; 40-1; 60-2; A16: 12-0; 15-0; 20-1; 32-4; 33-2; 35-2; 36-1; 49-1; A17: 33-3; 39-0; 46-1; 53-0; 54-0; A18
21-0; 27-2; A19: 6-2; A20: 39-1; A21: 11-1; 27-3; 31-0; 33-1; 37-1; 48-0; A22: 28-2; 56-3; A23: 18-3; A24
6-2; 23-3; 39-0; 55-1; A25: 6-0; 12-2; 27-2; 31-0; 32-6; 55-1; A26: 3-1; 11-1; 14-3; 16-1; 28-5; 50-1; A27: 18-

4; 36-1; 37-1; A28: 11-2; 14-4; 28-4; A29: 30-1; 32-4; 33-3; 35-2; 41-1.

Bl: 15-0; 28-3; 34-1; 39-1; 49-1; 50-1; 32: 59-1; B3: 1-1; 7-1; 17-2; 23-2; 27-0; 32-2; 52-1; 56-4; B4: 11

1; 14-1; 18-2; 34-1; 56-5; B5:4-l; 13-2; 15-0; 21-2; 27-3; 35-2; 60-1; 86: 12-1; 48-1; 37: 7-2; 24-1; 32-1; 56

1; B8: 11-0; 16-2; 33-2; 44-0; 52-1; B9: 18-5; 26-1; 28-3; 30-1; 45-1/2; 310: 35-1; 311: no changes; 312: 1-1

48-0; 49-1; 313: 32-3/4; 314: 13-1; 16-1; 35-3; 39-1; 315: 8-2; 28-1; 316: 17-0; 23-2; 24-1; 39-3; 317: 1-1

16-5; 59-0; 318: 7-2; 12-2; 32-5; 45-2; 53-0/1; 319: 5-1; 18-0; 48-0; 320: 56-7; 321: 12-2; 13-0; 38-1; 39-3

45-1; 50-1; 322: 16-2; 20-1; 42-1; 323: 7-2; 30-1; 32-3; 35-2; 324: 3-1; 11-0; 14-1; 17-0; 26-1; 325: 15-2; 16

4; 39-2; 60-4; 326: 2-1; 7-0; 13-0/2; 27-0; 28-4; 45-2; 327: 1-2; 38-1; 47-1; 59-0; 328: 6-2; 21-1/2, 37-0; 49

1; 329: 3-1; 5-0; 14-3; 18-2; 19-1; 32-4; 33-3; 41-1; 50-1; 330: 28-2; 32-6; 331: 12-2; 15-1; 42-1; 48-1; 56

1/3; 59-1; B32: 16-4; 18-6; 30-1; 56-8; 333: 12-2; 20-1; 45-2; 334: 1-1; 2-1; 23-2; 26-1; 49-1; 50-1; 56-1/3

B35: 3-1; 5-1; 32-5; 39-2; 47-1; 336: 8-2; 13-2; 24-1; 34-1; 337: 7-2; 15-2; 18-7; 28-1; 60-3; 338: 3-0; 26-1

33-2/3; 38-2; 47-0; 48-0; B39: 5-0; 20-0; 32-3; 56-1; 340: 32-1; 35-2; 341: 3-1; 7-3; 8-2; 25-1; 342: 33-1; 35

1; 39-3; 343: 12-2; 13-2- 42-1- 48-0; 56-0; 60-1; 344: 14-1; 16-2; 18-1; 23-2; 32-0; 345: 13-2; 17-0; 49-1

B46: 2-2; 13-0; 22-0; 37-0; 41-1; 56-3; 347: 11-0; 12-0; 18-0; 30-0; 348: 16-1; 23-1; 28-5; 32-6; 349: 7-2; 14

3; 35-0/1; 350: 1-1; 13-1; 15-0; 30-1; 39-0; 42-1; 56-4; 351: 14-4; 33-3; 39-2; 48-0; 60-2; 352: 32-2; 41-1

45-2; B53: 2-1; 5-1; 28-3; 35-3; 38-1; 52-1; 56-6; 354: 5-1; 7-1; 11-1; 52-1; 355: 2-1; 13-0; 356: 8-2; 28-3

39-0; B57: 33-1; 358: 21-2; 22-0; 35-1; 39-3; 359: 7-0; 8-2; 11-0; 15-0; 24-1; 32-6; 360: 3-1; 18-0/3; 23-1

37-0; B61: 7-2; 11-2; 14-2- 32-4; 362: 21-1; 60-4; 363: 12-2; 18-2; 28-2; 33-2; 35-3; 56-0; 59-0; 364: 18-7

23-1; 32-4; 45-2; 60-2; B65- 3-1; 8-2; 17-0; 24-1; 38-1; 366: 14-3; 22-0; 23-3; 27-0; 28-1; 37-0; 39-3; 43-1

49-1; 52-0; 56-4; 367: 16-4; 21-1; 32-3; 33-3; 56-5; 368: 14-4; 53-0; 54-0; 58-1; 59-2; 369: 15-2; 16-1; 33

2; 37-1; 41-1; B70: 7-2; 23-2; 38-2; 371: 3-1; 18-0; 39-2; 53-2; 372: 5-0; 14-2; 21-1; 873: 1-1; 2-2; 8-2; 11

2; 12-2; 30-0; 38-3; 374: 18-1; 39-4; 40-1; 41-1; 375: 7-1; 16-0; 60-3; 376: 3-1; 13-2; 14-4; 33-3.

,
CI: 12-0; 39-2/3; 48-1; 60-2; C2: 25-1; 35-3; 42-1; C3: 12-1; 14-3; 16-4; 26-1; 39-1; 56-6; 59-2; 60-4; C4

•1; 24-1; C5: 5-1; 18-0; 52-1; 56-3; 59-1; C6: 14-4; 16-2; 44-0; 60-1; C7: 1-0; 6-1; 7-2; 25-0; 30-0; C8: 7-3

1-1; 23-2; 38-3; 39-2; 42-0- 50-1- 60-3; C9: 2-1; 8-2; 16-1; 21-2; 22-0; 27-0; 35-2; 44-1; 57-1; CIO: 12-0; 13

}}
17-0; 18-0; 59-1; Cll: 13-2; 15-2; 16-4; 25-1; C12: ll-O; 14-2; 38-0; 49-1; 56-8; C13: 2-1; 16-0; 30-1; 50

0; C14: 8-2; 23-1; 24-0; 28-4; 37-0; 38-1; 42-1; C15: 14-0; 28-4; 32-2; C16: 2-1; 62; 12-1; 164; 18-0; 35-2

^2-1; 54-0; CI 7: 7-0- 8-2- 26-1- 30-1- 32-6; 39-1; 48-1; C18: 14-3; C19: no changes; C20: 6-1; 23-2; 46-0; 56

8; 59-1; C21: 24-0; 32 3 56 1 59 1 C22: 4-1; 16-0; 33-0; 56-7; C23: 11-2; 13-1; 15-0; 28-3; 38-3; 50-1; C24
11-2; 33-0; C25: 28-4- 32-3- 49-1- C26- 12-0; 14-2; 15-0; 18-0; 56-6; 59-2; C27: 39-1; 41-0; 45-1; C28: 12-1

16-0; 32-1; C29: ll-o'; 49-0'; C30:' 7-1; 21-2; 25-0; 27-0; 28-3; 32-0; 35-2; 52-1; C31: 18^1; 20-1; 24^0; 48-1

50-1; C32: 15-2; 29-1; C33: 18-1; 44-1; 46-0; C34: 1-0; 7-2; 8-2; 16-3; 29-0; 38-3; 47-1; C35: 17-2; 32-3; 50

1; 53-0; 54-0; C36: 13-1; 16-1; 60-0; C37: 59-1; C38: 7-2; 16-3; C39: 18-5; 46-0; 50-1; 53-1; 56-4; C40: 16

6; 56-4; 60-4.
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port their placement in the Comiflorae-asterid Broome, 1971, 1975; Zavada & Dilcher, 1986;

group. Marcgraviaceae, although not included in Kedves, 1989; Nixon, 1989). Fagaceae and their

definedmy investigation, also may be more closely related

to members of the Corniflorae-asterid clade than present in all Fagaceae) and nonpersistent endo-

to Theales, among which it is commonly placed sperm. Betulaceae and their sister group share

(e.g., Cronquist, 1981; Dahlgren, 1983; Thorne, pollen traits, including poroid apertures and poorly

1983; Takhtajan, 1987). The bitegmic, tenuinu- developed columellae (''granular'' columellaesensu

cellate ovules of Marcgraviaceae are compatible Zavada & Dilcher, 1986). Zavada & Dilcher (1986)

with those of Theales and the Corniflorae-asterid identified other pollen characteristics, including a

define

group, but its integumentary endothelium, cellular microchanneled tectum and thin footlayer, that

endosperm, and endosperm haustoria (Mauritzon, may help

1939; Swamy, 1948a) are attributes generally mcludedin this analysis because of insufficient sam-

found in combination only in the latter. Marcgra- pling among other rosids).

viaceae warrant examination for iridoid com-

THE CORNIFLORAE-ASTERIDGROUP
pounds, which might help to support a hypothesis

of relationship to the Corniflorae-asterid group.

Core Cunoniaceae, represented by Anodopeta- Ovular traits are important for developing ny-

lum and Spiraeanthemumy form a monophyletic potheses about relationships in the Corninorae-

group along with Bauera and Brunellia, support- asterid group as emphasized by Dahlgren (\9ioh

ing the results of a phylogenetic analysis of the The Corniflorae-asterid group, consisting of bru-

family by HufFord & Dickison (in press). The more niaceae and their sister group (Fig. 2), shares uni-

inclusive analysis by Huff^ord & Dickison has shown tegmic ovtJes. Although Brimiaceae retain cras-

Eucryphia to be nested within Cunoniaceae and sinucellate ovules, their sister group is defined by

not its sister group as might be interpreted from tenuinucellate ovules. Among Cornales, Oarry-

these resuhs (Fig. 1). The Cunoniaceae clade, in- aceae, Alangiaceae, and Cornaceae have a rever^a

eluding Bauera^ Brunellia^ and Eucryphia^ is sup-

ported by small pollen grains.

to crassinucellate ovules. Fouquieria has a reversa

to bitegmic ovules but has retained its single-lay-

The close placement of Rhizophoraceae and Cu- ered nuceUus.

noniaceae is interesting, given the interpetiolar stip- Dahlgren (1975) also used endosperm attr

ules (often enclosing the terminal bud and some- to circumscribe Corniflorae (a group correspon g

times associated with coUeters) in both groups. largely to the nonasterid members of the

Dialypetalanthus Kuhlm., generally placed in the florae-asterid group of Fig. 2). The presence

monotypic Dialypetalanthaceae aUied with Myr- initio cellular endosperm defines the sister g

tales and Rubiaceae (Cronquist, 1981; Rizzini & of Escallonia, although reversals to nuclear en-

dosperm occur in some members of this group (e.gj'

Garryaceae, Loganiaceae, Pittosporaceae, and Vo -

emoniaceae). Some of the taxa in this group a^

polymorphic for endosperm formation (e.g.*

teraceae, Solanaceae, Rubiaceae, and Alang»^

aceae). The ab initio cellular endosperm of t^^^^

Corniflorae-asterid group is a reversal to a

present among "lower" hamamelids (which n^J

have retained it from Magnoliidae; cf. DaWgre"-

1975). The formation of endosperm ^^"^!''"^j'*^j3

not used as a character because of limite
^

availability, but mapping its occurrence on
^

cladogram indicates numerous parallel ongin

likely. Although lost in Actinidia, endosperm ha^^^

Occhioni, 1949), has interpetiolar stipules and oth-

er attributes similar to Cunoniaceae and Rhizopho-

raceae. Although Juncosa & Tomlinson (1988a)

regarded suggestions of relationship for Rhizopho-

raceae sens, str., Cunoniaceae, and Dialypetalan-

thaceae as "indefensible,*' this warrants testing in

a broadly based phylogenetic analysis that includes

Myrtales and Rubiaceae.

Cunoniaceae are placed as the sister group of

a clade consisting of Davidsonia^ Fagaceae, and

other taxa often considered to be "higher" Hama-
melidae (Fig. 1). This result supports contentions

that "higher" hamamelids are more closely related

to rosids than to "lower" hamamelids (Wolfe, 1 973,

1989; Hickey & Wolfe, 1975; Hickey & Doyle, toria are shared by most members of the eric

1977; Nixon, 1989). Although Fagaceae- Betula-

ceae, Juglandaceae-Myricaceae-Rhoipteleaceae,

clade, including Fouquieria, n re-

The placement of Alseuosmiaceae (Fig- f

and Casuarinaceae are commonly discussed as three fleets Takhtajan's (1980) classification in
yi\ic\\

separate monophyletic groups (e.g., Cronquist, they are listed between Brumaceae ann
.q-qj

1981), they are seldom placed in a single group monaceae. Airy Shaw (1973) and Gardner i

as shown by my results (although, see Stone & noted aflinities between them and Escallom
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Many members of the Corniflorae-asterid group aceae group is supported by diplostemonous an-

retain a suite of wood attributes generally consid- droecia, although Loasaceae are coded as poly-

ered to be "primitive," but Alseuosmiaceae have stemonous. Diplostemony is present among
derived tendencies toward raylessness and scarcity Loasaceae only in Schismocarpus (HufFord, 1989,
of axial parenchyma (Dickison, 1986c). Other 1990). A generic -level cladistic analysis of Loasa-

members of the Corniflorae-asterid group, such as ceae, however, has shown polystemony to be ple-

Loasaceae, Polemoniaceae, and Scrophulariaceae siomorphic for the family even when the outgroup

(Carlquist, 1988, 1992), also have trends toward is coded as diplostemonous (Hufford, unpublished

raylessness and/or scarcity of axial parenchyma, results). Among Sarraceniaceae, only Fleliani-

which have been associated with paedomorphic wood phora includes diplostemonous members (Maguire,

evolution (Carlquist, 1962). Paedomorphosis must 1978). Both Darlingtonia and Sarracenia are

have occurred numerous times in wood of the Cor-

niflorae-asterid group.

polystemonous (Maguire, 1978). Based on Than-

ikaimoni & Vasanthy 's (1972) and Maguire's

each.

The Cornales (represented by Garryaceae, Alan- (1978) hypothesis that TJeliamphora is the most

giaceae, Nyssaceae, and Cornaceae) are defined primitive member of Sarraceniaceae, the family

by imiovulate carpels (parallel with some core ro- was coded using it. The Loasaceae-Sarraceniaceae
sids), fleshy (berry- to drupelike) fruits, and camp- clade is supported by tricarpellate gynoecia. Coding
todromous secondary venation in leaves. A reversal for gynoecial states is based on Mentzelia for Loa-
to crassinucellate ovules also supports the clade, saceae and Heliamphora for Sarraceniaceae, al-

although Nyssaceae are secondarily tenuinucellate. though both families have variation in gynoecial

Among Nyssaceae, Nyssa and Camptotheca are merosity, with five carpels being the most common
tenuinucellate, and Davidia is crassinucellate (Mo- in

nana Rao, 1972a; Schmid, 1978a; Tandon & Herr, Loasaceae have been placed in Dilleniidae in

1971). Based on Eyde's (1988) phylogenetic hy- some treatments (e.g., Gilg, 1925; Cronquist, 1981)
pothesis for Nyssaceae, the thick nucellus of Davi- largely on the basis of their parietal placentation

ata is a parallelism with that of other Cornales. and putatively centrifugally developing polystemo-
Iwo additional features, endosperm with hemicel- nous androecia. Various androecial developmental
mlose and the formation of a nucellar cap, also patterns are present among Loasaceae, but none
niay support the hypothesis of monophyly for Cor- are strictly centrifugal (Iluff'ord, 1990). Those
nales, but neither was used in this analysis because Loasaceae with a centrifugal phase during androe-
of limited data availability, cial development actually begin with centripetal

My results support Eyde's (1988) placement of development and have complex androecia that are

^rnaceae and Nyssaceae as sister groups on the probably derived within the faniiTy. Emphasis has
basis of shared foveolate pollen exine. Alangiaceae been given to trichomes in taxonomir studies of

snare with Cornaceae and Nyssaceae reversals to Loa
long vessel and imperforate elements in their wood develop hypotheses of relationship for the family

(Adams, 1949; Titman, 1949; Metcalfe & Chalk, because of their presumed uniqueness. Among
1950; Li & Chao, 1954, report shorter measure- Loasaceae, the tuberculate trichomes with and
nients for Alangiaceae than other authors). Garrya without a prominent pedr«;tal of basal ceUb rnay he
diverges from other Cornales in floral attributes. homologous with similar tuberculate trichomes, in-

rhe dioecy, loss of a nectary, and other floral cli

ftniplifications probably are associated with the evo- geaceae (Hardin & Pilalowski, 1981). Loasaceae
lulion of wind pollination in Garrya (see Dahling, and Hydrangeaceac are among the few groups

been

sal

1978), Dahling (1978) suggested that pollen of found to possess 10-carboxyl (and 10-decarbox

garrya strongly resembles that of Cornaceae, but ylaled)iridoids(Dahlgrenet al., 1 98 1 ). Other groups

aiffers in having a papillate secondary tectal

*^pture that paraUels that of Euptelea, Buxa-
^ca^, Cercidiphyllum, and Myrothamnus. Paliwal Seco-iridoids are present in Loasaceae and Sar-

& Kakkar (1970) noted that Garrja diverged from raceniaceae as well as in Hydrangeaceac, Cen-

these iridoid forms

* Retziaceae. Stilba

1

an-

Cornaceae in unique leaf features.

Actinodromous leaf venation and basifixed

"^ra^ppori the monophyly of CornaW Hydran-
^ceac (represented by Hydrangea, Ueutzia, and
^^il<id€lphus\ Loasaceae, and Sarraceniaceae (Fig.

*•/• The Hydrangeaceae-Loasaceae-Sarraceni-

tianales, DipsacalM

the Corniflorae-asterid group (Dahlgren ct a!.,

1981).

Sarraceniaceae have been allied with magnoliids,

such as Ranunrulaceac and Papaveraccac (Ltnd*

ley, 1847; Thanikaimnni & Vasanthy, 1972;
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Takhtajan, 1980), or dilleniids, such as Theales aceae do not support their placement in Dilleniidae

and Parietales (Markgraf, 1955; DeBuhr, 1977). (Bate-Smith, 1964; Scogin, 1977, 1978, Jensen

This analysis does not test the placement of Sar- & Nielsen, 1982). Dahlgren et al. (1976) used the

raceniaceae among magnoliids, but its evolution chemical profile, polyandrous flowers, and tricar-

among them seems unlikely given its derived fea- pellate gynoecia of Fouquieriaceae to suggest they

tures. Sarraceniaceae have been allied with Nepen- were more closely related to Ericales (as part of

thaceae in some classifications (e.g., Cronquist's, Dahlgren's Comiflorae) than to dilleniids, which is

1981, Nepenthales) on the basis of shared ascidiate consistent with my results and those of Olmstead

leaves involved in insectivory. My results, which et al. (1992).

place Nepenthaceae in the core rosid group, are

not consistent with those classifications.

Nash (1903), Henrickson (1967), Thorne (1977,

1981, 1983) and Downie & Palmer (1992) allied

Although Sarraceniaceae are placed as the sister Fouquieriaceae with Polemoniaceae, which is es-

taxon of Loasaceae in these results, I call attention pecially interesting when the former is compared

to their potential evolution among Ericales. De- with Acanthogilia [^Gilia] gloriosa. Nash (1903)

Candolle (1873) noted similarities among Sarra- suggested that Fouquieriaceae were simOar to Gma

ceniaceae and Monotropoideae and Pyroloideae of located in the same area. Acanthogilia is a basally

Ericaceae. Jensen et al. (1975) more recently called branched shrub of north-central Baja California

(Day & Moran, 1986). It is similar to Fouquieri-

aceae not only in its overall shoot morphology but

also in its long shoot/short shoot dimorphism and

similarities

Ericales, For example, the placentation of Sarra-

ceniaceae, Monotropoideae, and Pyroloideae is ax-

ile in the lower part of the gynoecium and parietal leaf development. Leaves on long shoots of Acan-

in the upper (Abbott, 1936; Maguire, 1978; Huf- thogilia sclerify as spines. Short shoots arise in

lord, unpublished obs.). Inversion of the anthers is the axils of spinose leaves. The leaves formed on

commonamong Ericales, although it has not been short shoots have deciduous blades but persistent

described for Cyrillaceae. Anther inversion occurs bases reminiscent of Fouquieriaceae. The pollen o

relatively early during stamen development among both Fouquieria and Acanthogilia is colporaic

most Ericales, although in Clethra and some Eri- with a reticulate exine. Neither of these genera has

caceae it occurs at anthesis. In Sarraceniaceae, the specialized pollen characteristics of many ro

-

anther inversion at anthesis occurs in Heliamphora emoniaceae. Day & Moran (1986: 125) sugges

(Maguire, 1978), although it is unknown in Dar^ that Acanthogilia is most closely related to Cantua

lingtonia and Sarracenia. The umbrellalike stigma in being a "specialized desert descendant oi a ip

of Sarraceniaceae may represent an elaboration of loid line also ancestral to Cantua,^ althoug

the capitate stigma common among Ericales. Nu- shares numerous derived features with Fou^uier

merous cells of the flowers of Sarraceniaceae and My results place Polemoniaceae and Pittospor

Ericales are tanniferous (Hufford, unpublished obs.).

These attributes are notably not shared by Sar-

raceniaceae and Loasaceae, but may be derived

ceae as the sister group of the rest of Asteridac

and Fouquieriaceae as the sister group of the rest

_ . , ofEricales (Fig. l).ChloroplastDNA sequence data

states shared by the former and some Ericales. (Olmstead et al., 1992) currently support the y-

Within Sarraceniaceae, Loasaceae, and Ericales, pothesis that Fouquieriaceae and Polemoruac

gynoecia with three to five carpels are present. are part of a monophyletic Ericales. Polemonia

The clade composed of Ericales (with Fouquieri- and asterids have distinctly epipetalous stame

Epipetalous stamens are derived in some enca

groups, but none were coded with this state m
;

(with

unilacunar

Unilacunar

ds.

Escallonia.

4 -, ,- _ _ it*
i^^^uujr V* *&• ^y« ^"Aiav^Luidi uuucs ciiiu syiiipciuiy ciiialysis. The tricarpellate gynoecia and loc

were used historically to hypothesize monophyly capsules of Polemoniaceae are charactens
^^

of Asteridae. Both traits occur as parallelisms in Ericales, such as Qethraceae, but not of asten

which tend to have bicarpellate gynoecia and sef^

The core ericalean groups, Qethraceae and Er- ticidal capsules. Iridoid compounds have ^^"

icaceae, form part of a monophyletic group in- among Ericales (e.g., in Cyrillaceae and Lie
^^^^

eluding Actinidia and Fouquieriaceae. Fouquieri- ceae) and asterids. Some of the specialized po

aceae have been allied primarily with parietalean of Polemoniaceae and the ericalean Epacnoa

are quite similar. Asterids that lack iridoids ff^

erally synthesize polyacetylenes and /or tro^

Uen

dilleniids (Bentham & Hooker, 1862; Niedenzu,

1895; Behnke, 1976; Cronquist, 1981; Takhtajan,

1980, 1987). Various chemical compounds, in- alkaloidl (Dahlgren et al.,' 1981; Gershenzonj

eluding ellagitannins and iridoids, in Fouquieri- Mabry, 1983), but this is not true of ?o\etoo»

&

)

4

*
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aceae. Polemoniaceae, Clethraceae, and the Mono- shared by Escalloniaceae, and experimentally plac-

tropoideae and Pyroloideae of the Ericaceae were ing Columellia as the sister group of Escalloniaceae

the only groups to form both ketose and isoketose adds three character state changes. Including Col-

oligosaccharides in a broad survey by Pollard & umellia in more inclusive studies with Dipsacales

Amuti (1981). Isoketose oligosaccharides were and Escalloniaceae may lead to more decisive hy-

found in various asterids, possibly indicating this potheses about its placement.

trait is shared by all members of the asterid-eri-

calean monophyletic group.

My results are not consistent with hypotheses

that Viburnum is more closely related to groups

Actinidia has been allied with Dilleniaceae and other than Caprifoliaceae nor with those (e.g.,

Theaceae (Hutchinson, 1959; Dickison, 1972b; Dahlgren, 1983; Takhtajan, 1987) suggesting that

Schmid, 1978b; Cronquist, 1981). Its unitegmic, Dipsacales, such as Caprifoliaceae, are more close-

tenuinucellate ovules, and iridoid compounds are ly related to rosids of the Corniflorae grade than

derived features shared with members of the Cor- to asterids. The monophyly of Columellia, Cap-

niflorae-asterid group but not with Dilleniaceae. rifoliaceae, and r76u/-num is supported by reversals

SomeTheales share ovular characteristics with Ac- in wood attributes, such as a solitary distribution

tlnidia but not its cellular endosperm and iridoids. of vessels and only true tracheids as imperforate

Heel (1987) has shown that androecial develop- elements. Chloroplast DNAdata (Donoghue, 1992;

ment in Actinidia is not strictly centrifugal as Downie & Palmer, 1992; Olmstead et al., 1992)

among some dilleniids, although the putative pres- do support a placement for liburnum and Sam-
ence of this attribute has been used to place it in bucus separate from other Caprifoliaceae (with both

Dilleniidae. Hallier (1905), Hunter (1966), and placed among Asteridae).

Takhtajan (1969) allied Actinidia with Ericales; The monophyly of Asteridae as traditionally cir-

this is supported by my resuhs. The branch (Fig. cumscribed (e.g., Cronquist, 1981) is largely sup-

2) with Clethraceae, Ericaceae, and Actinidia is ported. The results do not support the Jensen et

corroborated by the occurrence of 600- 1,000-^m- al. (1975) hypothesis of a separate rosid origin for

long vessel elements, opposite intervessel pitting, asterids with iridoid compounds from those without

and imperforate pollen tectum in all three taxa. iridoids. The asterids without iridoids of the Solana-

Like other Ericales, the anthers of Actinidia be- les, Campanulales, and Asterales are placed as a

come inverted. monophyletic group nested among the asterids with

Tlie present study significantly demonstrates the iridoid compounds. The results also do not support

placement of Asteridae as the sister group of Er- Takhtajan's (1987) classification, in which asterids

icales among taxa recognized by Dahlgren (1980, are circumscribed in three groups (Dipsacales, La-

1983) as Corniflorae. Epipetalous stamens may be miidae, and Asteridae sens, str.) with separate or-

a derived feature shared by all Asteridae, although igins among the rosid Cornanae.

the placement of Pittosporaceae as the sister group

Conclusions and Problems for
<>f Polemoniaceae makes this equivocal. Haploste-

mony is commonly used to support the hypothesis
FJJjj^j'i^R RESEARCH

01 monophyly of Asteridae, but my results show
that it originates with "lower'* hamamelids and is This prelimin

retained in the Corniflorae-asterid group. Diploste- tinent results for underblanding the phylogeny of

mony and polystemony are derived variously in nonmagnoliid dicotyledons. These inrlude: (1)

the Corniflorae-asterid group as well as among the Hamamelidae (sensu Takhtajan, 1980, 1987;

core rosids. Corolla comiatlon (sympetaly) unites

«ne asterid and ericalean groups, but it also occurs

nquist, IVHl, IVtfttjai

Hamamelidae (e.g.. hod 1

|n other members of the Corniflorae-asterid group, Hamamelidales) are a grade at the base of the

deluding Alangiaceae, Alseuosmiaceae, EscaUonia- nonmagnoliid dicotyled

<^eae, and Loasaceae.

Columellia has been allied with a wide variety

(3) Rosidae (sen^iu

Takhtajan, 1980, 1987; Cronquist, 1981, 1988)

Dilleni.

^f groups (see Stern et al, 1969), ranging from idae, and "higher"^ Hamamelidae (e.g., Fagales,

^erids (including Gesneriaceae, Loganiaceae, and
Kubiaceae), "woody saxifrages" (such as Phila-

Juglandales, and h (4) "higher"

ppear mosl closely

laceae<^fphus and Escallonia), and dilleniids (Cucurbi-

*««eae). My results place Columellia as the sister niidae is not supported; and (6) Dahlgren s (1980,

group of Caprifoliaceae. Stem et al. (1969) sug- 1983) Corniflorae arc the rosid grade in which

8^'ed that most attributes of Columellia were Asteridae are routed.
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Rosidae are central to understanding the phy-

logeny of nonmagnoliid dicotyledons, and they re-

quire extensive investigation. Identification of

monophyletic groups among basal rosids and as-

certaining their relationship to higher rosid orders

are crucial. A key step will involve investigating

the monophyly of Rosaceae by analyzing their re-

lationships with Chrysobalanaceae, Connaraceae,

Fabaceae, Rhabdodendraceae, and Surianaceae, as

well as higher rosid orders. Ascertaining the rela-

tionships of Engler's (1930) Saxifragaceae also is

critical for understanding early evolution in both

the core rosid group and the Corniflorae-asterid

group (see Soltis et ah, 1990). Additional analyses

centered on Cunoniaceae (see Hufford & Dickison,

in press) will be important for better understanding

relationships of Davidsonia and "higher" Hama-

melidae on one hand and Rhizophoraceae, Dilleni-

ales, and Theales on the other. Monophyletic groups

in Dilleniidae and their relations with rosids remain

virtually unexplored, but their identification will

lead to better understanding of the diversification

of nonmagnoliid dicotyledons. More detailed anal-

yses of the Corniflorae (sensu Dahlgren, 1983)

grade of Rosidae will be crucial for understanding

the relationships of problematic taxa (including ma-

jor groups such as Ericales and, possibly, Ebenales)

and the evolution of character suites present among

Asteridae. Defining a monophyletic Asteridae and

understanding relationships among their major

clades also will be contingent on more fully de-

veloped hypotheses of relationships among taxa of

the Corniflorae grade. Large, broadly based cla-

distic analyses will be critical for developing hy-

potheses of relationship for higher level taxa and,

especially, problematic groups.
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Appendix I. Characters and character states used in

the cladistic analy->is. Literature sources of data used in

the analysiB are indicated for each broad group of char-

acters.

1945; Brush, 1917; Carlquist, 1964, 1966. 1969. 19. o.

1978, 1981a, b, 1982a, b, 1984; Carlquist & »o«'^"7*

1985; Carlquist et al., 1984; Cronquist, 1981: DcBimr.

1977, 1978; Dickison, 1967a, 1972a, 19.8. ^»"-

1986c; Dickison & Baas, 1977; Giebel & Dickison, V-o.

Hall, 1952; Haskins & Hayden, 1987; Heimsch, l^j^

Heimsch & Wetmore, 1939; Heimsch & TschaboW. iv.--

Hils et al., 1988; Ingle & DadsweU. 1986; Keeie

Moseley. 1978; Keng, 1962; Koek-Noorman. l^
Marco, 1935; Metcalfe & Chalk, 1950; Moseley. l^J^

Moseley & Seeks. 1955; Nast & Bailey, 1940; r.

1973; Record, 1938a, b, 1942; Stern. 1974. 19.»-1

et al., 1969; Styer & Stern. 1979a. b; Swamy« omm,.

1949; Tang. 1932; Tippo, 1938; \Uet, 19.6).

10. Conducting elements: only tracheids (0).

vessels and tracheids (1).

1 1

.

Vessel element perforations: aU scalariform *|th tijwjf

bars ( > 20) (0), all or most scalariform with T^^
( < 20) (1 ), all or most simple and those that are »cMm«

Nodci. and leaves (Dauach, 1938; Cronquist, 1981; with few bars (2).

Dahling, 1978; Dickison, 1975a. b. 1978, 1980. 1987b.

1989a. b: Dickison & Rutishauser. 1990; Elias, 1971; 12. Vessel element length: long (most > 1,000>«^''''^

Endrew. 1989c; Eyde. 1960; Haskins & Hayden, 1987; moderate (600-1.000 ^m). (1). sbort (most <600

Henrickson, 1972: Hi. key & Wolfe. 1975; Hils et al.,

1988; Hoogland. 1979; Hufford. 1989; Hutchinson, 1959;

Johnson & Wilson, 1989; Keng, 1962; Kohler & Bruck-

ner, 1989; KohU-r & Schirarend, 1989; Leeuwenberg &
Le«jhout8, IflRH; Manning, 1978; Metcalfe & Chalk.
It)5n; Pinan-% 1947; Puff. 1978a, b; Richardson. 1970;

(2).

essei eI element diameter: narrow (mo?^13. V
moderate (60-100 Mm) (D. wide (most

<60 >u"*^*^

14. Inter veb^el pitting:

Robert.son. 1972, 1974; Rutishauser & Dickison, 1989; posite (1), opposite (2), opposi le-alternate (3K *'*^

Spongbcrg, 1972; Stern, 1974, 1978; Slyer & Stern,

1979a, b; Swamy. 1954; Varghew*, 1969; Weberling,

1976; Willmer, 1941; Wolfe, 1973, 1989).

1. Nwlr-^: trilacunar (0), unilarunar (1), multilacunar (2).

Myrothamnus ha^ thr H<>-rnllrd "split UteraP* nodal con-

dition (Howard, 1970, 1979) in conjunction with its op-

(4).

15. \V^^ distribution: soKlary (0), raort»y ~jjjj,,4U
some dusters and some paira and/or raJul ^\^^ .Ji

and cluster* with few so""*^
raostiv radial multiple

l^udltc leavea. In this anal>dk» thf^ «plit lateral rondttion

16. Imperforate dements: only true trarhri ds i^

trarhrid* and fO^cr. tracheids (I), only 6^^^^
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(

fiber-tracheids and libriform fibers (3), only libriform fibers are c oded question marks because of the ambiguous

(4), variable with true tracheids, fiber-tracheids and li- homology of the floral phyllomes.

briform fibers (5). Character state definitions follow

Carlquist (1988). Coding for Alseuosmia is based on Dick- 23. Perianth merosity: numerous and helical (0), pentam-
tw)n's (1986c) characterization of the pits as ^'indistinctly erous (1), tetramerous (2), few and irregular (3).

bordered or simple" rather than on Carlquist (1988), who
dwcribed the imperforate elements as true tracheids. 24. Calyx connation: absent (0), prestMU (1),

17. Imperforate element length: long (most > 1,500 ^m) 25. Corolla connation: absent (0), present (1).

(0), moderate (most 500-1,500 ^m) (1), short (most

<500 ^m) (2). 26. Hypanthium: absent (0), prr?f»nt (1).

18. Type of rays: heterogeneous type I (0), heterogeneous 27. Nectary; ab.M-nl (0), abaxiiil gynorri^il siirTa<r (1),

t)'pe II A (I), heterogeneous type IIB (2), helciogcncou^ disc (2), perianth (3).

type ni (3), paedomorphic type I (4), pacJujuorphic type

" (5), paedomorphic type III (6), homogencoub type I 28, Andruecial pattern and merosity: helical polyandry
(7). Cliaracter states based on definitions in Carlquist (0), haplostrmnny (1), romplrx polyandry with 11-20
(1988). Linales, Celastrales, RhamnaK's, and Myrtales are stamrns (2), rnmpl*'x polyandry with >2n stamms (3),
coded us question marks because of variability. 4 liplostemony (4), criilrifugal polyandry (5).

19. Rays with secretory canals; absent (0). present (1), 29. EpijxMalous stamens; .il»-''nt (0), presi-nl (1).

20. Ray cHls with gum deposits: absent (0), prrsrnl (1). 30. Anther Insertion: btiifixed (0), 'Umifixn] (1).

Flowers (Range, 1952; Beamish & Lin, 1965; B**nM-l

& Faker. 1975a, b, c; Bhandari, 1971; Bogle, 1986,
1989; Brizicky, 1961; Brouwer, 1924; Burkett. 1932;
Chapman. 1953; Cronquist, 1981; Cuatrecasas, 1970;
I^Wgren, 1975; Dahling, 1978; Daumann. 1974; DavU,
1966; Dickibon. 1968, 1970, 1971, 1972b. 1975a, c.

31. Stomial pattern: no bifurcatluns ("linear") (0), bifur

caled proxiinally and/or distally (1). Pores are considered

to be derived from unbifurcated stomia.

32. Carpel number; > five (0), five (I), four (2), three

978 rORTTw, ' ^al^^^ q"*i F 7" ^3). two (4). on. (5). varial.I.- one-five (6).
'»<o, lyuoa; Dnyansagar, 1955; Ems, 1971; Endress,
i%9. 1977. 1986. 1989a. b. c; Eyde, 1964. 1968, „ r ,

• ,• /m t .
,

1988; Eyde & Tseng. 1971; Floras & Mo<=oley, 1982; 33. Carpel m^.rt.on. .u,K.rH>r
.

only .-xtrc... ' -^ m-

Crdner, 1978; Caumann. 1919; Graham ei al.. 1987; ^"/"' ^^'^'^^ ^^^ '"f*^™^ ('J' ""-^X '" ...n.plctely

C«»ejnova. 1976; Harms. 19^0; Heel, 1987; Herr & »n»erior (JJ.

powd. 1968; HiL et al., 1988; Hjelmuulst. 1948, 1957;
, .• -. ^ i_ . /n. n»

Hufford & Endress. 1989; Hutchinson. 1027. 1959; ^J"*- C-^P«' »t>P't«»«'"- »«»*"» (0). present (1).

c t I tnt^^ t JB. n'..l^

35. Carpel comialiont 'lisiiricl (0), Uue of ovarii connnte

(1), ovaries complcuK i.uanatc and Loae of i>lyles ttuy

be connate (2), ovario* and ^1)1'- corniilrtrly connate (3).

1989; Hutchinson. 1927. 1959;
Jigw-Zurn. 1966; Johan sen. , 1936; Junco^a & ToIjc,

1988; Kapil & Vani, 1963; Kaul & Kapil. 1974: Ka-
valjian. I952; Keng, 1962; Klopfer. 1973; Langdon,
1939; Lawrence, 1951; Leeuwenberg, 1969; Manning,
1978; Maguire, 1978; Mauritzon. 1936; Mohana Rao,

1972a, b; Mohrbutter. 1936; Moore, 1948; Morf. 1930; 36. Style: ntrir p*>ak of ovary (OK int*^rri!atod (1),

(I)

^•••"••j* Rao. 1957; Nair & Abraham. 1%2; Nair & abtent (2)

S«Tn^ 1961; Narayana, 1975; Narayana & Radhakri^
"^. 1976: Narayana & Rao, 1971; Narayai & Sun- 37.Srigmsi
•n, 1972; NaM & Bailey, 1945; Ful-^r et al., 1989;

'h*f»*'«. 1970; Pillans, 1947; Praka^h * %\' Mi»««^.

1977: Puff & Robbrecht. 1989; RobcrtM.n. 1972. 1974;

^J*Ui, 19.58; SchWhf^. 1920; S,-hm<<^ 19781. Shrrvr.

•*»; «i
gh. 1 959. 1 06 1 ; Slcumer. 1 968; Small & Ryd-

*^|. 190S; Soueg«. 1936; Spon«cl*rg. 1971. 1972,
•9-8: Sf^m et al.. 1969; bubra Rao. 1941; Swamy,
'^.««; -^amv Si Bailev, 1949; SzyMvlowicz, 1895;

[•2**> & H^rr. 1971; fieghrm. 1903; tafce & Rivf^
I'WI. 1987, 1988a; Uhl, 196 1; Wiggina. 1959: WU-

1944, 194«a. b. r. 1949; Wibon, 1965, 1973,

7^ T I tion: decurrent (0), lucsiif^ on «ly' - nj^%

M^. Plar^ntiitimi: margma! Mni/0r aitt> iOt at

(Ik atilr bi^Al {2h pariHal (3^

I
K

i jM' -il

39. Ovule* per r«r|.el: many (> 10) (0). fr%» .,jd variable

(I- 10) (h. itn-tly one (2), «TririJjr t>»<i (I), onr jw gy.

tiorniim (tnih more ttion one caipel) (4^

40. OltbDi ^f»«^i (01. pf*-*mi f!1

1959). 41. IntifuoiCTt nuirth^ two(Uk «» (I)

2> Plani aex 4iMribution; hiRiual (0). moooecioua ( i K 42 Niw-ettu»: rr t^ lOi in lUtf ri)

n
43. Entrair^ ofpolM luiie. panf^my ^^^ dbaloaahpesmy

•4

unkyclic (0). hkycbe ( I ). Eupt^f^n.

'^*fihfMmm^ Mvrscaceae. and Caouor »i^«"« are coA-

(l)

•i faaMimi niark> b«^^u«<> tonl phylemM are aliMfrt 44. fmmtma ah Mto triMw (0). ^ !r«
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45. Endosperm persistance: persists and copious (0), per- 1967; Taylor & Levin, 1975; Thanikaimoni & Vasanthy,

sists but scanty (1), does not persist (2). 1972; Tseng & Shoup, 1978; Venkata Rao, 1965; Vezey

et al., 1988; Walker, 1976a, b; Whitehead, 1965; Yang,

Chemistry (Bate-Smith, 1973, 1977; Bohlmann et al., 1952; Zavada & Dilcher, 1986).

1973; Challice, 1981; Cronquist, 1981; Crowden, 1969;

Dahlgren et al., 1976; Elsworth & Martin, 1971; Ger- 52. Pollen size: most 20-30 /^m or >30 ^m (0), most

shenzon & Mabry, 1983; Giannasi, 1986; Gornall et al., <20 ixm (1).

1979; Jay, 1967, 1968a, b, 1969; Jay & Lebreton,

1972; Jensen et al., 1975; Lebreton & Bouchez, 1967; 53. Aperture length : width ratio: 1 : 1 (0), %: 1 (1), >3 :

1

Romeike, 1978; Sainty et al., 1981; Smith et al., 1977; (2). Apertures with a length : width ratio of 1 : 2 appear

Sorenson, 1977; Tatsuno & Scogin, 1978).

46. Iridoids: absent (0), present (1).

47. Polyacetylenes: absent (0), present (1).

48. Myricetin: absent (0), present (1).

49. EUagic acid: absent (0), present (1).

50. Proanthocyanins: absent (0), present (1).

51. Oil cells: absent (0), present (1).

Pollen (Avetisian, 1975; Basak & Subramanyan, 1966;

to be derived within Juglandaceae and Myricaceae

54. Ectoaperture termini: rounded (0), pointed (1).

55. Endoaperture: absent (0), present (1).

56. Primary tectal sculpture: reticulate (0), striate (1),

clavate (2), rugate (3), spinulose/scabrate (4), vermiform

(5), psilate (6), verruculate (7), foveolate (8).

57. Secondary tectal sculpture: smooth (0), papillate (1).

58. Tectal structure: columellate (0), granular (poorly

developed columellae) (1).

Bremer, 1987; Chao, 1954; Crepet, 1989; Cronquist, 59. Tectal perforations: semitectate (0), tectate perforate

1981; Dahling, 1978; Dickison, 1967b, 1979, 1987a; (1), imperforate (2). Th
Dickison & Baas, 1977; Donoghue, 1985; Endress, 1986; coded as a question mark.

Erdtman, 1952; Franks & Watson, 1963; Ham, 1988;
Ham & Heuven, 1989; Henrickson, 1967; Hideux &
Ferguson, 1976; Huynh, 1969; Kohler, 1980; Kohler

& Bruckner, 1989, 1990; Maguire, 1978; Mason, 1975
Muller, 1969; Nixon, 1989; Nowicke, 1966; Puff &
Robbrecht, 1989; Punt, 1978; Reitsma, 1966, 1970
Robertson, 1974; Robbrecht & Puff, 1986; Saad, 1961
1962; Schmid, 1978a; Shoup & Tseng, 1977; Sohma
1963, 1967; Stone & Broome, 1971, 1975; Stuchlik

1970;
Fruit (Cronquist, 1981, 1988; Cuatrecasas,

Dickison, 1 984; Endress, 1 989a; Gilg, 1 895a, b; Hils et

al., 1988; Hoogland, 1952; Hutchinson, 1959; Keng.

1962; Sleumer, 1968; Urban & Gilg, 1900).

60. Fruit type: follicle or septicidal capsule (0), lo^^J'^t'

capsule (1), nut or samaroid nutlet (achene) (2),
tiesn)

(berry) (3).


